9
counts per sample and OTU taxonomical assignments are available in Table S2 . We filtered 3 8 0 out unclassified taxa from the analysis because the main goal of the current study was to 3 8 1 identify specific taxa related to host susceptibility to strongyle infection. Relative abundance normalization was applied, which divides raw counts from a particular 3 9 0
sample by the total number of reads in each sample.
3 9 1 3 9 2
To estimate β -diversity, un-weighted and weighted UniFrac distances were calculated from 3 9 3
the OTU and genera abundance tables, and used in principal coordinates analysis (PCoA),
9 4
correspondence analysis (CA), and non-parametric multidimensional scaling (NMDS) with 3 9 5
the "Phyloseq" R package. The Permutational Multivariate Analysis of Variance 3 9 6
(PERMANOVA), on un-weighted and weighted UniFrac distance matrices were applied 3 9 7
through the Adonis function from "Vegan" R package to test for groups effect. In addition to 3 9 8 multivariate analysis, we used the analysis of similarities (ANOSIM) to test for intragroup 3 9 9
dispersion. ANOSIM is a permutation-based test where the null hypothesis states that within- The functional prediction for the 16S rRNA marker gene sequences was done using the 4 1 9 phylogenetic investigation of communities by reconstruction of unobserved states 4 2 0 (PICRUSt) (Langille et al., 2013 Loads of protozoa, anaerobic fungi and bacteria in fecal samples were quantified using a
6
QuantStudio 12K Flex real-time instrument (Thermo Fisher Scientific, Waltham, USA).
7
Primers for real-time amplification of ciliates, anaerobic fungi and bacteria have already been (Ebersberg, Germany).
5 0
Amplified fragments of the target genes were used and diluted 10-fold in series to produce 
7 0
The effects of natural strongyle infection on gut microbiota composition and host phenotypic 4 7 1 variables were determined in ten resistant and ten susceptible grazing ponies over a five- 
8 5
This treatment has a short-lived effect and resulted in negative FECs at 43 gd ( Figure 2A and 4 8 6 2B). Therefore, the 0-43 gd period was considered as a transitioning period resulting in both, 4 8 7
mild parasite exposure and changes in environmental conditions. 4 8 8 4 8 9
Indeed, a heat wave took place over the first 43 days of the trial resulting in almost no rainfall 4 9 0 (0.2 mm) and high temperatures peaking at 37.7 ºC ( Figure S3A ). This situation ultimately led 4 9 1
to grass senescence and lowered pasture quality ( Figure S3B , Table S3 ). Mild dehydration 4 9 2 also occurred in ponies as supported by a constant rise in measured hematocrits from 32.33 to 4 9 3 39.63 % during the first 43 gd ( Figure 2C ). To account for this, blood cell counts were 4 9 4
corrected by hematocrit through time. Recorded hematological data showed that ponies were 4 9 5
neither anemic nor thrombocytopenic throughout the experiment ( Figure S4 ). 4 9 6 4 9 7
Concomitantly to these challenging conditions, increased levels of some white blood cell ; Figure 2E ) during the first 43 gd. differences were not evident at phylum and family levels ( Figure 3A ). Only seven genera 0 between groups of ponies. There were no differences in pH between the groups at any time 6 0 1 point, although feces pH significantly decreased after the onset of patent strongyle infection 6 0 2
( Figure S8A ). Interestingly, anaerobic fungal loads were higher in the S than in the R group (p 6 0 3 < 0.05) with more than 0.5 log of difference at day 43 ( Figure S8B ), while protozoan loads 6 0 4
were lower in S group than in the R group at the same time point ( Figure S8C ). Bacteria loads 6 0 5
were constant throughout the experiment ( Figure S8D ). While alternative control strategies are needed for a more sustainable control of horse 6 3 9
strongyle infection, the factors contributing to the over-dispersed distribution of these natural strongyle infection, and their gut microbiota displayed variations at the genus level.
4 7
Additionally, we showed that besides the host susceptibility to strongyle infection, variations 6 4 8
in gut microbiota occurred after the onset of strongyle egg excretion during, expanding earlier 6 4 9
observations on the association between parasites and gut microbiota composition on other 6 5 6 6 5 7
Under our experimental setting, the combined heat wave and the associated reduced pasture 6 5 8
yield and quality induced a mixture of different stresses during the first 43 days of the 6 5 9
experiment. Under these challenging climatic and nutritional conditions, R ponies displayed 6 6 0 higher levels of eosinophils and monocytes from 24 to 43 gd in comparison to the S ponies.
1
Eosinophilia has been reported in experimentally challenged horses (Murphy and Love, 6 6 2 1997). However, no larvae were recovered from pasture samples in our study suggesting mild, 6 6 3 if any, contamination, in line with the drought conditions that are detrimental to their survival 6 6 4 (Nielsen et al., 2007) . In addition, the mild residual egg excretion observed after 24 grazing 6 6 5 days occurred in only two susceptible ponies, which cannot explain the increased eosinophils 6 6 6 in the R group. Therefore, this differential profile in immune cell populations may result from 6 6 7 the stressful environmental conditions as already reported elsewhere (Collier et al., 2008) .
8
Remarkably, the contrast between R and S ponies was also found while comparing their 6 6 9
respective gut microbiota composition. Although the constituent phyla and genera within the Fibrobacteres predominating, R ponies presented an increase of several Clostridiales and 6 7 4
Bacteroides species at day 24, whereas only species related to Blautia and Paraprevotella 6 7 5
genera were relatively more abundant in the S. Indisputably, individuals with different 6 7 6
susceptibility to parasite infection adapt to environmental stress in different ways. Whether 6 7 7
the gut microbiota differences are ascribed to divergence in the immune response or are due to 
8 7
Observed FEC were associated with differing immune responses characterized by higher 6 8 8
eosinophil and monocyte counts in R ponies and increased levels of circulating 6 8 9
lymphocytes in S ponies during the infection, suggesting a direct functional relationship 6 9 0
between parasite infection and immune response (Howitt et al., 2016) . The induction of 6 9 1 lymphocytes in S animals could have been a way to neutralize invading L3 and facilitate 6 9 2
repair and turnover of injury tissue. In R, the eosinophilia, which is a well-recognized , likely played a role in parasitic infection resistance (Lyons et al., 2000) . However, the 6 9 6
interpretation of the relationship between strongyle infection and immune profile after 6 9 7
natural parasite infection in our study required accounting for likely confounding effects of 6 9 8
yearly variation in environmental conditions (e.g. extreme heat temperatures and reduction 6 9 9
of pasture quality). and unclassified Lachnospiraceae ( Figure 6B ). Firmicutes belonging to the 7 0 7
families Ruminococcaceae (also referred as clostridial cluster IV) 7 0 8
and Lachnospiraceae (also referred as clostridial cluster XIVa) comprise most of the 7 0 9
butyrate-producing bacteria in the human gut (Geirnaert et al., 2017) . Due to butyrate's 7 1 0
anti-inflammatory properties, it might be suggested that the higher helminth infection in Altogether, our data suggest that parasitic infections in S ponies increased the risk of 7 2 4 subsequent pathobionts overgrowth in the gut by reducing butyrate producing bacteria that 7 2 5
may play an important role in mediating interactions between the host immune system and 7 2 6
intestinal parasites (Oliver et al., 2003) . Although the mechanisms of the interactions between 7 2 7 these specific gut genera and the host require further elucidation, our findings suggest that A set of twenty female ponies (10 susceptible (S) and 10 resistant (R) to strongylosis) were 8 0 7
selected based on their fecal egg counts history during previous pasture seasons and were kept 8 0 8
inside during the winter. In the spring, they were treated with moxidectin, to ensure that they 8 0 9
were totally free from gastrointestinal nematodes (even from putative encysted larvae) and 8 1 0
were kept indoors for three months. Thereafter, once no more effect of moxidectin treatment 8 1 1
was detected, the ponies were moved to a 7.44 ha pasture to start the study. At day 30 of the 8 1 2 study, a pyrantel treatment was administered to all the animals in order to reset the residual (eggs/g feces) in S and R animals (each row corresponding to one individual) across time 8 2 7
(column). In the heatmap, egg count values range from 0 (white) and low (blue) to high comparison between S and R ponies in each time point. and whiskers indicate 5th to 95th percentile. All genera plotted were statistically significant (q 8 7 2
< 0.05) between day 92 and day 43. We hypothesize that natural parasite infection in susceptible ponies increases the release of 8 7 7
lymphocytes but decreases the monocytes and eosinophils cell counts. Concomitantly, Acetivibrio and the overall loads of fungi and parasite egg counts in the feces.
1
On the other hand, butyrate producing bacteria such as members of Ruminococcus,
2
Clostridium XIVa and Lachnospiraceae family were found to be depleted in susceptible 8 8 3
ponies, but enriched in resistant animals, suggesting a possible effect of N-butyrate on the 8 8 4
protection of inflammation in resistant animals. Because butyrate is a potent inhibitor of 8 8 5
inflammation, it is suggested that susceptible ponies are prone to the gut inflammation 8 8 6
because of the altered abundance of butyrate-producing bacteria.
7
The lower N-butyrate bacteria abundance was accompanied by a number of microbiota 8 8 8
functional pathways that reflected immunological mechanisms, including pathogen sensing, Mach, N., Foury, A., Kittelmann, S., Reigner, F., Moroldo, M., Ballester, M., et al. (2017) .
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